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Description 

Field and Background of the Invention 

The present invention relates to an apparatus 
and method for determining the density of test 
materials, and more particularly to a nuclear radi- 
ation measurement apparatus and method for mea- 
suring the density of soil, asphaltic materials and 
the like during movement of the radiation measure- 
ment apparatus across the surface of the material 
which is undergoing measurement. 

Nuclear radiation gauges for determining the 
density of soil and asphaltic materials are well- 
known, as described for example in U.S. Patent 
2,781,453. Such gauges employ the phenomenon 
of Compton scattering of gamma rays and are 
known by those skilled in the art as "scatter" 
gauges. 

Such gauges typically take the form of a hand 
held portable instrument which is positioned on the 
surface of the test material for a predetermined 
period of time while backscattered radiation is 
counted to obtain a density reading. Devices of this 
type have been widely used and well accepted in 
the industry for obtaining rapid non-destructive 
density measurements of the test material. The 
density gauges are particularly useful in determin- 
ing the degree of compaction of soil or asphalt 
during the construction of roadbeds and pavement 
surfaces, in which heavy rollers or compactors are 
rolled back and forth across the surface and den- 
sity readings are made periodically using the porta- 
ble stationary nuclear density gauges of the type 
described above. 

It has been recognized that it would be quite 
desirable to obtain a readout of density continu- 
ously during the compaction operation, rather than 
periodic spot density readings. This approach 
would give an average or integrated density read- 
ing over a large area rather than an instantaneous 
spot reading, and would also make it possible to 
more rapidly respond to changes in the density 
readouts during the compaction operation. To this 
end, several movable, dynamically reading nuclear 
density gauges have been proposed. One such 
gauge is in the form of a wheeled unit and employs 
a pair of small cylindrical rollers as wheels with a 
nuclear source and detector mounted between the 
rolls in a suspended, non-contacting relationship 
with the underlying test surface. The gauge rides 
along the pavement surface and may be connected 
to and pulled by a pavement compactor vehicle. 
Another such gauge, described in published Eu- 
ropean Patent Application 108,845, has the nuclear 
radiation source and detector mounted inside of a 
cylindrical roller, and the roller may be manually 
pushed along the pavement surface or propelled 



therealong by connecting it to a pavement compac- 
tor vehicle. 

In addition, Swift et al. Patent US 3,341,706 
describes an apparatus and method wherein a nu- 

5 clear gauge is mounted from a trailer above the 
surface of a pavement and is utilized for measuring 
and logging the density. Another roller mounted 
compaction meter is described in Civil Engineering, 
May 1983, pages 40-43, "Product Profile". 

w Both of these gauges assume a constant spac- 
ing (air gap) beween the source/detector system 
and the underlying pavement surface. However, the 
density reading obtained from a backscatter gauge 
through an air gap is quite sensitive to variations in 

?5 the size of the gap. During operation, any buildup 
of asphalt on the rollers will increase the effective 
diameter of the rollers and alter the size of the air 
gap between the source/detector system and the 
surface of the underlying test material, introducing 

20 error in the density reading. 

It is an object of the present invention to pro- 
vide a nuclear density measurement apparatus and 
method for dynamically measuring pavement den- 
sity and which overcomes the above-noted dis- 

25 advantages and limitations of the prior art. 

Summary of the Invention 

In accordance with the present invention an 

30 apparatus and method is provided in which the 
nuclear source/detector system is mounted for 
movement in spaced relation above the surface of 
the test material and wherein the spacing between 
the nuclear source/detector system and the under- 

35 lying test surface is monitored as the nuclear den- 
sity reading is being taken, whereby any variations 
in the spacing are taken into account and corrected 
for during the measurement. 

The density measurement apparatus of the 

40 present invention broadly comprises nuclear gauge 
means comprising a nuclear radiation source and a 
nuclear radiation detector means, said source and 
said detector means being mounted in predeter- 
mined spaced relation from one another for emit- 

45 ting nuclear radiation into the test material and for 
detecting backscattered radiation from the test ma- 
terial; means for mounting the gauge means in 
spaced relation from the surface of the test ma- 
terial; means associated with said gauge means for 

so measuring the spacing of the gauge means from 
the surface of the test material; and means coop- 
erating with the detector means and with said dis- 
tance measuring means for determining therefrom 
the density of the test material. 

55 In accordance with the method aspects of the 
invention, a method is provided for measuring the 
density of a test material using a nuclear radiation 
backscatter gauge including a nuclear radiation 
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source and nuclear radiation detector means posi- 
tioned in spaced relation to the source, and 
wherein the method comprises the steps of: mov- 
ing the source and detector along the test material 
while maintaining the source and detector in 
spaced relation above the surface of the test ma- 
terial to form an air gap therebetween, obtaining a 
count of the photons which are backscattered to 
the detector by the test material, obtaining a mea- 
surement which represents the size of the air gap 
between the surface of the test material and the 
source/detector means, and correcting the count of 
backscattered photons based upon the obtained 
measurement of the air gap to compensate for the 
effect of the air gap and to thereby determine the 
density of the test material. 

The method and apparatus of the present in- 
vention are especially suited for use during the 
compaction of soil or pavement material using a 
compactor vehicle, and in accordance with a fur- 
ther aspect of the present invention there is pro- 
vided a nuclear radiation gauge which is mounted 
on a compactor vehicle for providing the operator 
of the vehicle with a readout of the density or 
degree of compaction during operation of the ve- 
hicle. The compactor vehicle has rollers for com- 
paction of materials such as soil, asphalt pavement 
and the like and a vehicle chassis connected to the 
rollers. In combination with this there is provided a 
nuclear density gauge means for measuring the 
density of the material during operation of the 
compactor vehicle. The gauge means comprising a 
nuclear radiation source, nuclear radiation detector 
means mounted in a predetermined spaced relation 
from the source, and means for suspendingly 
mounting said source and said detector means 
from said vehicle chassis with the source and de- 
tector means being located in predetermined 
spaced relation from the surface of the material 
undergoing compaction so that the source is posi- 
tioned for emitting nuclear radiation into the air 
space beneath the gauge means and into the ma- 
terial and the detector means is positioned for 
detecting backscattered radiation from the material. 

Brief Description of the Drawings 



Some of the features and advantages of the 
invention having been stated, others will become 
apparent from the detailed description which fol- 
lows and from the accompanying drawings, in 
which -- 

Figure 1 is a side elevational view of a compac- 
tor vehicle upon which is mounted a nuclear 
density gauge in accordance with the present 
invention; 

Figure 2 is a top elevational view thereof; 
Figure 3 is a perspective view thereof from the 



underside; 

Figure 4 is a vertical sectional view through the 
compactor vehicle taken substantially along the 
line 4-4 of Figure 1 and showing the arrange- 
5 ments for mounting the detector unit in sus- 
pended relation a short distance above the 
pavement surface and for retracting the detector 
unit during non-use; 

Figure 5 is an enlarged view of the detector unit 
io of Figure 4, with portions of the housing thereof 
broken away to show the interior components; 
and 

Figure 6 is a schematic diagram of the elec- 
tronic components of the instrument. 

75 

Description of the Illustrated Embodiment 

Referring now more specifically to the draw- 
ings, the reference character 10 generally indicates 

20 a compactor vehicle of the type which is conven- 
tionally used for rolling and compacting soils, pav- 
ing materials and the like. The compactor vehicle 
includes a chassis 11 and large diameter smooth 
surfaced rollers 12, 13, mounted to the chassis 11 

25 and serving as the wheels of the compactor ve- 
hicle. As illustrated, a driver's seat 14 is located in 
the central portion of the vehicle chassis, and suit- 
able controls 15 are provided to enable the driver 
to control the direction and speed of the vehicle. 

30 As is conventional, suitable motor means (not 
shown) is provided for propelling the vehicle along 
the pavement. 

The nuclear density measurement apparatus of 
the present invention comprises two units, a mea- 

35 surement unit 20 mounted beneath the compactor 
vehicle and located close to the surface of the 
pavement, and a console unit 40 accessible to the 
driver's seat 14 at the top of the vehicle. The 
measurement unit 20 and the console unit 40 are 

40 interconnected by a cable 21. The console unit 40 
includes a keyboard 41 by which the operator may 
control the operation of the gauge and a display 42 
by which the density reading obtained by the 
gauge as well as other information, is commu- 

45 nicated to the operator. The mounting of the com- 
ponents of the measurement apparatus in this man- 
ner makes it possible to measure the pavement 
density during the operation of the compactor ve- 
hicle, and to rapidly provide the operator of the 

50 vehicle with a readout of pavement density. This 
makes it possible for the vehicle operator to imme- 
diately know when he has completed a sufficient 
number of rolling passes to achieve a desired 
degree of compaction. 

55 As best seen in Figure 3, means is provided on 

the underside of the compactor vehicle for mount- 
ing the measurement unit 20 in suspended relation 
a short distance, above the pavement surface. In 
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the particular embodiment illustrated, the mounting 
means includes an elongate beam 22 mounted to 
the chassis 11 of the compactor vehicle and ex- 
tending transversely thereacross. The measure- 
ment unit is suspended from the beam 22 by three 
adjustable mounting brackets 24. Brackets 24 are 
pivotally mounted to the beam, and in turn to the 
measurement unit 20 to provide freedom of move- 
ment to the measurement unit in all directions. 
Thus in the event that the measurement unit strikes 
an obstruction protruding above the pavement sur- 
face, it can freely swing out of the way and then 
return to its normal suspended operative position. 
As seen in Figure 4, the mounting brackets 24 are 
constructed in the form of turn-buckles, to permit 
adjusting the height of the measurement unit and 
the spacing between the undersurface of the mea- 
surement unit 20 and the pavement surface. Nomi- 
nally, this distance is about 1/2 inch (1.3 cm.). 

As is also best seen in Figures 3 and 4, means 
is provided for raising the unit 20 from its lowered 
operative position to a retracted non-use position 
where the measurement unit is safe from acciden- 
tal contact with obstructions and the like. In the 
embodiment illustrated this takes the form of a 
cable 25 connected to measurement unit and an 
actuator handle 26 associated with the cable 25 
and which is positioned at a location accessible to 
the operator. 

Prior to further discussion of the structure and 
operation of the gauge, it will be helpful to review 
some of the underlying principles of nuclear den- 
sity gauge operation, particularly as applied to soil 
density measurement through an air gap. 

The simplest, but least accurate method of 
measuring density involves the so-called backscat- 
ter method. To make this measurement, the source 
and detectors are both on the surface of the soil 
and gamma photons passing into the soil are scat- 
tered back to the detectors. If the soil had a den- 
sity of zero, there would be nothing to cause scat- 
tering and the number of photons backscattered to 
the detector would be essentially zero. As the 
density of the soil increases, the number of back- 
scattered photons increase with increase in density 
to a point where the backscattered photons are 
approximately equal to the losses due to additional 
scattering and absorption. The quantity of back- 
scattered photons detected then becomes an ap- 
proximate negative exponential function as the 
count decreases with increasing density of the soil. 

The backscatter method, while simple to per- 
form, is subject to error from various factors includ- 
ing surface roughness, soil composition, etc. Soil 
composition errors can be particularly significant. In 
an effort to improve accuracy and reduce soil com- 
position error, the so-called "air gap density" meth- 
od was developed. In this method a measurement 



is made with the gauge raised above the soil a 
predetermined height to form an air gap and a 
reading is obtained based upon both the thickness 
of the air gap and the density of the top portion of 

5 the soil. The air gap measurement can be used in 
combination with a flush, backscatter measurement 
to partially cancel out the composition error. Prior 
measurement methods have not been able to ob- 
tain a sufficiently accurate direct measurement of 

10 soil density through an air gap. Among other rea- 
sons, this is due to the fact that the counts are very 
sensitive to the size of the air gap. As the size of 
the gap increases, the count rate increases rapidly, 
since the soil density becomes a much less signifi- 

75 cant part of the average density seen by the detec- 
tor. 

In accordance with the present invention the 
density measurement is taken through an air gap, 
and means is provided for accurately measuring 

20 the air gap during the count and for adjusting the 
count rate in accordance with the measured air gap 
distance to obtain an accurate indication of soil 
density. The measurement of the air gap distance 
can be accomplished in various ways in accor- 

25 dance with the broad aspects of the present inven- 
tion, including the use of ultrasonic means, laser 
means and capacitance, as well as nuclear meth- 
ods. The preferred means and method as em- 
ployed in the embodiment illustrated herein em- 

30 ploys ultrasonic methods. 

As best seen in Figure 5, the measurement 
unit 20 comprises a housing 30 having a relatively 
smooth planar undersurface which is oriented gen- 
erally parallel and in spaced relation to the pave- 

35 ment surface. The housing 30 encloses a suitable 
radiation source 31 and a detector means 32. The 
radiation source may be a CS-137 source of gam- 
ma radiation and the detector means may take the 
form of Geiger-Mueller tubes sensitive to photons. 

40 As illustrated, the source 31 is located adjacent to 
one end of the housing and the detector means 32 
is mounted adjacent to the opposite end of the 
housing. Shielding 34 is provided around the 
source and around the detector means 32, as is 

45 conventional, to prevent radiation from reaching the 
detector means in a direct path from the source. 
Additionally, means (not shown) is provided for 
completely shielding the radiation source when the 
gauge is not being used for measurement. 

so As noted earlier, in an air gap measurement 

technique, the amount of radiation reaching a de- 
tector is a function of both the size of the air gap 
and the density of the material. The attenuation 
relationship for a single detector means, e.g. for the 

55 detector means 32 illustrated may be expressed as 
follows: 

CR = A exp (-BD) -C (I) 
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where: 

CR is the count ratio, the detector count 
normalized by a standard reference 
count; 

D is the density; and 

A,B,C are the usual exponential curve fit pa- 
rameters for the density vs. count ra- 
tio relationship. 
The constants A, B, and C are dependent on 
the size of the air gap between the gauge and the 
test material. If the air gap is measured, one can 
come up with relationships for A, B, and C such 
that: 

A = ai + a 2 G + a 3 G 2 + a4G 3 

B = bi + b 2 G + b 3 G 2 + UG 3 (II) 

C = ci + c 2 G + c 3 G 2 + C4G 3 

where 
A, B, C = 

constants from density equation I; 
ai , a 2 , a3 , a* = 

constants determined by gauge calibration; 
bi , b 2 , D3 , b* = 

constants determined by gauge calibration; 

C1 , C2, C3» Ca = 

constants determined by gauge calibration; and 
G = 

Air gap distance between the gauge and the test 
material. 

Knowing the air gap distance, one can cal- 
culate A, B, C and then get D from the equation: 

D = (1/B) In (A/(CR +C)) (III) 

In the illustrated embodiment of the invention 
ultrasonic means is utilized for measuring the air 
gap G between the test material and the measure- 
ment unit 20. As shown in Figure 5, the ultrasonic 
means includes an ultrasonic transmitter 35 and a 
cooperating ultrasonic receiver 36 which are moun- 
ted in a recessed area or well on the underside of 
the housing 30 and aimed downwardly for measur- 
ing the distance to the underlying pavement sur- 
face. Additionally, the ultrasonic means also in- 
cludes a reference transmitter 37 and cooperating 
receiver 38 mounted in the recessed well a pre- 
determined distance apart and oriented generally 
horizontally toward one another for measuring the 
speed of sound in the air above the heated pave- 
ment or other underlying surface and producing a 
reference signal. This reference signal is utilized by 
the associated circuitry 54 to compensate for vari- 
ations in the speed of sound due to changes in air 



temperature in the measuring region. These com- 
ponents and the associated electronic circuitry 
which is used in association therewith, as indicated 
at 54, are commercially available and their selec- 

5 tion and use are within the capabilities of persons 
skilled in this art. 

It should be understood that the foregoing de- 
scription is intended as an illustration of one of a 
number of possible ways in which a density mea- 

70 surement can be obtained from the detector count 
data, and persons skilled in the appropriate arts will 
recognize that other particular solutions are possi- 
ble within the broad scope of the present invention. 
For example, in commonly owned U. S. patent 

75 4,525,854 and in commonly owned copending U.S. 
patent application Serial No. 681,302 filed Decem- 
ber 13, 1984 techniques are disclosed whereby it 
is possible to obtain density readings which are 
weighed toward predetermined strata within a test 

20 material, and these principles may be utilized for 
obtaining density measurements in the present in- 
vention. 

Referring now to Figure 6, the detector 32 is 
electrically connected with a corresponding am- 

25 plifier 52. Additionally, as is required, the detector 
is connected with a source 60 of high voltage. 
Output from the amplifier 52 is directed to an 
input/output circuit generally indicated at 62 and is 
available through such circuitry to an electronic 

30 computing device shown in the form of a micropro- 
cessor 66 and to display 42. The ultrasonic trans- 
mitter 35 and receiver 36 are connected to an 
ultrasonic driver which provides as an output a 
signal representative of the air gap distance. This 

35 signal is provided to the microprocessor through 
the input/output circuit 62. Power to the entire 
device is supplied by a power controller 68. 

The microprocessor performs in the circuit of 
the present invention (as schematically illustrated in 

40 Figure 6) a number of functions including govern- 
ing time intervals for gauging in both "standard" 
and "measure" modes. The microprocessor also 
serves the function of a counter and recorder oper- 
ative^ associated with the detector for separately 

45 counting and recording the measured radiation in- 
formation from the detectors and the distance sig- 
nal from the ultrasonic device. In this regard, the 
radiation information preferably takes the form of a 
total radiation count for each Geiger-Mueller detec- 

50 tor per time interval. In other embodiments the 
radiation information may take other forms, such as 
radiation count rates. 

The microprocessor also serves to store, in 
appropriate form, the instructions needed for con- 

55 verting the amplified radiation counts from detector 
means 32 into density values and for displaying the 
density values to the operator. Other functions, 
generally known to persons appropriately skilled in 
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the art, are performed by the microprocessor. 
Claims 

1. A nuclear radiation backscatter gauge (20) for 
measuring the density D of a test material, 
said gauge (20) comprising a nuclear radiation 
source (31), nuclear radiation detector means 
(32) mounted in predetermined spaced relation 
from said source (31), a sensor unit including a 
housing (30) enclosing said source (31) and 
said detector means (32), means (22) for 
mounting said housing (30) in spaced relation 
from the surface of the material so that the 
source (31) is positioned for emitting nuclear 
radiation through an air gap beneath the sen- 
sor unit (20) and into the material and the 
detector means (32) is positioned for detecting 
backscattered radiation from the material, and 
means (66) cooperating with said detector 
means (32) for obtaining a count of the pho- 
tons which are backscattered to the detector 
means (32) by the test material, characterized 
in that the gauge (20) includes means 
(35,36,54) for ultrasonically measuring the size 
of the air gap between the surface of the test 
material and the detector means (32), means 
(37,38,54) for compensating for variations in 
the speed of sound due to changes in air 
temperature in the measuring region, and 
means (66) for calculating the density D of the 
test material as a function of said count of 
backscattered photons and said measurement 
of the air gap. 

2. A nuclear radiation backscatter gauge accord- 
ing to Claim 1 wherein said means for calculat- 
ing the density of the test material as a func- 
tion of said count of backscattered photons 
and said measurement of the air gap com- 
prises computer means (66) including a stored 
set of instructions for: 

(a) calculating calibration constants A, B and 
C for the density equation 

D = (1/B) In (A/(CR + C)) 

as a function of the air gap measurement 
using an empirically derived relationship be- 
tween the air gap measurement and such 
constants; and 

(b) applying the thus calculated calibration 
constants A, B and C in the density equa- 
tion 

D = (1/B) In (A/(CR + C)) 

to thereby determine the density of the test 



material. 

3. A compactor vehicle (10) having rollers (12,13) 
for compaction of materials such a soil, asphalt 

5 pavement and the like, said rollers also serving 

as wheels for the compactor vehicle (10), a 
chassis (11) connected to the rollers (12,13) for 
receiving thereon an operator of the compactor 
vehicle (10), and motor means for propelling 

10 the compactor vehicle (10) along the surface of 

the material, 

characterized in that a nuclear density gauge 
means according to Claims 1 and 2 is moun- 
ted on the compactor vehicle (10) with said 
75 sensor unit (20) thereof being suspended be- 

neath the vehicle chassis (11) for measuring 
the density of the material during operation of 
the compactor vehicle (10). 

20 4. Compactor vehicle according to Claim 3 char- 
acterized in that means (24,25,26) are provided 
for raising the sensor unit (20) from a lowered 
operative suspended position to a retracted 
non-use position. 

25 

5. A method of measuring the density D of a test 
material using a nuclear radiation backscatter 
gauge (20) including nuclear radiation source 
(31) and nuclear radiation detector means (32) 

30 positioned in spaced relation to the source 

(31), said method comprising moving the 
source (31) and detector (32) relative to the 
test material while maintaining the source (31) 
and detector (32) in spaced relation above the 

35 surface of the test material to form an air gap 

therebetween, obtaining a count (66) of the 
photons which are backscattered to the detec- 
tor means (32) by the test material, and deter- 
mining the density (66) of the test material 

40 from the thus obtained count of backscattered 

photons, characterized in that the method in- 
cludes the steps of obtaining a measurement 
which represents the size of the air gap be- 
tween the surface of the test material and the 

45 detector means (32) by ultrasonically measur- 

ing the air gap while compensating for vari- 
ations in the speed of sound due to changes in 
air temperature in the measuring region, and 
calculating (66) the density D of the test ma- 

50 terial as a function of said count of backscat- 

tered photons and said measurement of the air 
gap. 

6. Method according to Claim 5 characterized in 
55 that said step of calculating the density of the 

test material as a function of said count of 
backscattered photons and said measurement 
of the air gap comprises: 
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(a) calculating calibration constants A, B and 
C for the density equation 

D = (1/B) In (A/(CR + C)) 

5 

as a function of the air gap measurement 
using an empirically derived relationship be- 
tween the air gap measurement and such 
constants; and 

(b) applying the thus calculated calibration w 
constants A, B and C in the density equa- 
tion 

D = (1/B) In (A/(CR + Q) 

75 

to thereby determine the density of the test 
material. 

Revendications 

20 

1. Appareil de mesure a retrod iff usi on de rayon- 

nement nucleaire (20) pour mesurer la densite 3. 
D d'un materiau en essai, ledit appareil (20) 
comprenant une source de rayonnement nu- 
cleaire (31), un detecteur de rayonnement nu- 25 
cleaire (32) monte a une distance predetermi- 
ned de ladite source (31), une unite de mesure 
comportant un bo?tier (30) qui contient ladite 
source (31) et ledit detecteur (32), des moyens 
(22) pour tenir ledit boitier (30) a une certaine 30 
distance de la surface du materiau, de sorte 
que la source (31) est positionnee pour emet- 
tre un rayonnement nucleaire a travers un in- 
tervalle d'air au-dessous de I'unite de mesure 
(20) et dans Je materiau et que le detecteur 35 
(32) est positionne pour detecter le rayonne- 
ment retrodiffuse par le materiau, et des 
moyens (66) qui cooperent avec ledit detecteur 
(32) pour obtenir un compte des photons qui 
sont retrodiffuses vers le detecteur (32) par le 40 4. 
materiau en essai, caracterise en ce que I'ap- 
pareil (20) comprend des moyens (35,36,54) 
pour la mesure par ultrasons de la dimension 
de I'intervalle d'air entre la surface du materiau 
en essai et le detecteur (32), des moyens 45 
(37,38,54) pour compenser les variations de la 
vitesse du son dues aux variations de tempera- 5. 
ture de I'air dans la region de mesure, et des 
moyens (66) pour calculer la densite* D du 
materiau en essai en fonction dudit compte de 50 
photons retrodiffuses et de ladite mesure de 
I'intervalle d'air. 

2. Appareil de mesure a retrodiffusion de rayon- 
nement nucleaire suivant la revendication 1, 55 
dans lequel lesdits moyens de calcul de la 
densite du materiau en essai en fonction dudit 
compte de photons retrodiffuses et de ladite 



mesure de I'intervalle d'air comprennent un 
ordinateur (66) possedant un jeu d'instructions 
en memoire pour : 

(a) calculer des constantes d'£talonnage 
A.B et C pour I'equation de densite 

D = (1/B) In (A/(CR + C)) 

en fonction de la mesure de I'intervalle 
d'air, au moyen d'une relation empirique 
entre la mesure de I'intervalle d'air et ces 
constantes ; et 

(b) appliquer les constantes d'etalonnage 
A,B et C ainsi calculees, dans I'equation de 
densite 

D = (1/B) In (A/(CR + C)) 

afin de determiner la densite du materiau en 
essai. 

Vehicule de compactage (10) comportant des 
rouleaux (12,13) pour le compactage de mate- 
riaux tels que sol, chaussee asphaltee et ana- 
logues, lesdits rouleaux servant egalement de 
roues pour les vehicules de compactage (10), 
un chassis (11) relie aux rouleaux (12,13) pour 
recevoir un conducteur du vehicule de com- 
pactage (10), et des moyens moteurs pour 
propulser le vehicule de compactage (10) sur 
la surface du materiau, caracterise en ce qu'un 
appareil de mesure de densite a rayonnement 
nucleaire suivant les revendications 1 et 2 est 
monte* sur le vehicule de compactage (10), son 
unite de mesure (20) etant suspendue sous le 
chassis du vehicule (11) pour mesurer la den- 
site du materiau pendant le travail du vehicule 
de compactage (10). 

Vehicule de compactage suivant la revendica- 
tion 3, caracterise en ce que des moyens 
(24,25,26) sont prevus pour relever I'unite de 
mesure (20) d'une position suspendue abais- 
see active a une position retractee de non 
utilisation. 

Proc6de de mesure de la densite D d'un mate- 
riau en essai au moyen d'un appareil a retro- 
diffusion de rayonnement nucleaire (20) com- 
prenant une source de rayonnement nucleaire 

(31) et un detecteur de rayonnement nucleaire 

(32) place a une certaine distance de la source 
(31), ledit proc£de comprenant le deplacement 
de la source (31) et du detecteur (32) par 
rapport au materiau en essai tout en mainte- 
nant la source (31) et le detecteur (32) a une 
certaine distance au-dessus de la surface du 
materiau en essai de maniere a definir un 
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intervalle d'air interpose ; I'obtention d'un 
compte (66) des photons qui sont retrodiffuses 
vers le detecteur (32) par le materiau en essai 
; et la determination de la densite (66) du 
materiau en essai a partir du compte de pho- 
tons retrodiffuses ainsi obtenu, caract^rise en 
ce que le procede comprend les operations 
d'obtention d'une mesure qui represente la 
dimension de I'intervalle d'air entre la surface 
du materiau en essai et le detecteur (32), par 
mesure aux ultrasons de I'intervalle d'air,tout 
en compensant les variations de la vitesse du 
son dues aux variations de temperature de I'air 
dans la region de mesure ; et de calcul (66) de 
la density D du materiau en essai en fonction 
dudit compte de photons retrodiffuses et de 
ladite mesure de I'intervalle d'air. 

6. Procede suivant la revendication 5, caracterise 
en ce que ladite operation de calcul de la 
densite du materiau en essai en fonction du dit 
compte de photons retrodiffuses et de ladite 
mesure de I'intervalle d'air comprend : 

(a) le calcul de constantes d'etalonnage 
(A,B et C) pour I'equation de densite 

D = (1/B) In (A/CR + C)) 

en fonction de la mesure de I'intervalle d'air 
au moyen d'une relation empirique entre la 
mesure d'intervalle d'air et ces constantes ; 
et 

(b) ('application des constantes d'etalonnage 
ainsi calculees A,B et C dans I'equation de 
densite 

D = (1/B) In (A/(CR + C)) 

afin de determiner la densite du materiau en 
essai. 

Patentanspriiche 

1. Metfgerat (20) fur die Ruckstreuung von Kern- 
strahlung zum Messen der Dichte D eines 
Testmaterials, wobei das MeGgerat (20) auf- 
weist: eine Kernstrahlungsquelle (31), einen in 
vorbestimmter Entfernung von der Quelle (31) 
angebrachten Kernstrahlendetektor (32), eine 
Sensoreinheit mit einem Gehause (30), wel- 
ches die Quelle (31) und den Detektor (32) 
umschlieflt, Mittel (22) zur Montage des Ge- 
hauses (30) in einem Abstand von der Oberfla- 
che des Materials, soda/3 die Quelle (31) so 
angeordnet ist, da/3 sie Kernstrahlung durch 
einen Luftspalt unterhalb der Sensoreinheit 
(20) und in das Material emittiert, und der 
Detektor (32) so angeordnet ist, da/3 er von 



dem Material riickgestreute Strahlung erfatft, 
urn ein mit dem Detektor (32) zusammenwirk- 
endes Mittel (66), urn eine Zahlung der Photo- 
nen zu erhalten, die von dem Testmaterial zu 

5 dem Detektor (32) ruckgestreut werden, da- 

durch gekennzeichnet, da/3 das Meflgerat (20) 
Mittel (35, 36, 54) zum Messen der Grofie des 
Luftspalts zwischen der Oberflache des Test- 
materials und dem Detektor (32) mit Hilfe von 

w Ultraschall besitzt, Mittel (37, 38, 54) zur Kom- 

pensation der Anderung der Schallgeschwin- 
digkeit zufolge von Angerungen der Lufttempe- 
ratur im Mefibereich sowie Mittel (66) zum 
Berechnen der Dichte D des Testmaterials in 

15 Abhangigkeit von der Zahlung der ruckge- 

streuten Photonen und der Messung des Luft- 
spalts. 

2. Mefigerat fur die Ruckstreuung von Kernstrah- 
20 lung nach Anspruch 1, bei welchem die Mittel 

zum Berechnen der Dichte D des Testmateri- 
als in Abhangigkeit von der Zahlung der ruck- 
gestreuten Photonen und der Messung des 
Luftspaltes Rechnermittel (66) sind, mit einem 
25 gespeicherten Satz von Instruktionen fur; 

(a) die Berechnung von Kalibrierungskon- 
stanten A, B und C fur die Dichtegleichung 

D = (1/B) In (A/(CR + C)) 

30 

in Abhangigkeit von der Luftspaltmessung 
unter Verwendung einer empirisch abgelei- 
teten Beziehung zwischen der Luftspaltmes- 
sung und solchen Konstanten; und 
35 (b) die Anwendung der so berechneten Kali- 

brationskonstanten A, B und C in der Dich- 
tegleichung, 

D = (1/B) In (A/(CR + C)) 

40 

urn hiedurch die Dichte des Testmaterials 
zu bestimmen. 

3. Fahrzeug (10) zum Verdichten mit Walzen (12, 
45 13) zum Verdichten von Material, wie Erdbo- 

den, Asphalt, Fahrbahnen und dergleichen, wo- 
bei die Walzen auch als Rader fur das Fahr- 
zeug (10) zum Verdichten dienen, mit einem 
mit den Walzen (12, 13) verbundenen Fahrge- 
50 stell (11), urn darauf Platz fur eine Bedienungs- 

person des Fahrzeugs (10) zum Verdichten zu 
bieten, und mit einem Motormittel, urn das 
Fahrzeug (10) zum Verdichten langs der Ober- 
flache des Materials vorzutreiben, 

55 

dadurch gekennzeichnet, da/3 ein nukleares 
Dichtemetfgerat nach Anspruch 1 und 2 auf 
dem Fahrzeug (10) zum Verdichten montiert 
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ist, wobei dessen Sensoreinheit (20) unterhalb 
des Fahrzeuggestells (11) aufgehangt ist, um 
wahrend des Betriebes des Fahrzeugs (10) 
zum Verdichten die Dichte des Materials zu 
messen. 5 

4. Fahrzeug zum Verdichten nach Anspruch 3, 
dadurch gekennzeichnet, da/3 Mittel (24, 25, 
26) vorgesehen sind, um die Sensoreinheit 

(20) von einer abgesenkten Betriebslage in w 
eine zuruckgezogene Auflenbetriebslage anzu- 
heben. 

5. Verfahren zum Messen der Dichte D eines 
Testmaterials unter Verwendung eines Meflge- 75 
rats (20) fur die Ruckstreuung von Kernstrah- 
lung, mit einer Kernstrahlungsquelle (31) und 

mit einem in Abstand von der Quelle (31) 
angeordneten Kernstrahlungsdetektor (32), wo- 
bei das Verfahren beinhaltet, da/J die Quelle 20 
(31) und der Detektor (32) bezuglich des Test- 
materials bewegt werden, wahrend die Quelle 
(31) und der Detektor (32) in Abstand uber der 
Oberflache des Testmaterials gehalten werden, 
wobei ein Luftspalt dazwischen gebildet ist, 25 
da/5 eine Zahlung (66) der von dem Testmate- 
rial zu dem Detektor (32) ruckgestreuten Pho- 
tonen erhalten wird, und da/J die Dichte (66) 
des Testmaterials aus der so erhaltenen Zah- 
lung der ruckgestreuten Photonen bestimmt 30 
wird, dadurch gekennzeichnet, da/3 das Verfah- 
ren die folgenden Schritte enthalt: Erlangen 
einer Messung, welche die Grofle des Luft- 
spalts zwischen der Oberflache des Testmate- 
rials und dem Detektor (32) reprasentiert, 35 
durch Messen des Luftspalts mittels Ultra- 
schall, wahrend Anderungen der Schallge- 
schwindigkeit auf Grund von Anderungen der 
Lufttemperatur im Meflbereich kompensiert 
werden, und Berechnen (66) der Dichte des 40 
Testmaterials in Abhangigkeit von der Zahlung 
der ruckgestreuten Photonen und der Messung 
des Luftspalts. 

6. Verfahren nach Anspruch 5, dadurch gekenn- 45 
zeichnet, da/3 der Schritt des Berechnens der 
Dichte des Testmaterials in Abhangigkeit von 

der Zahlung der ruckgestreuten Photonen und 
der Messung des Luftspaltes beinhaltet: 

(a) die Berechnung von Kalibrierungskon- 50 
stanten A, B und C fur die Dichtegleichung 

D = (1/B) In (A/(CR + C)) 

in Abhangigkeit von der Luftspaltmessung 55 
unter Verwendung einer empirisch abgelei- 
teten Beziehung zwischen der Luftspaltmes- 
sung und solchen Konstanten; und 



(b) die Anwendung der so berechneten Kali- 
brationskonstanten A, B und C in der Dich- 
tegleichung, 

D = (1/B) In (A/(CR + C)) 

um hiedurch die Dichte des Testmaterials 
zu bestimmen. 
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